I. INTRODUCTION
Due to its importance in quantum information processing (QIP), QD has been one of people's recent research focuses. The corresponding investigation includes its quantification [10] [11] [12] [13] , its relation with uncertainty principle [14] [15] [16] , and other related issue, see Ref. [17] for an overview.
Physically, there are many systems that can be used to realize QD, such as the spin-chain [18] [19] [20] , the atomic [21] [22] [23] [24] , the spin-boson [25] , and the NMR systems [26] . Recent studies also provided evidence that QD is a resource in the tasks of entanglement distribution [27] , remote state preparation [28] , and information encoding [29] . Experimentally accessible measures of QD have also been proposed [30] . The superconducting qubits have been considered as a possible candidate in various QIP tasks [31] [32] [33] [34] [35] . It has been experimentally demonstrated that they posses macroscopic quantum coherence and can be used to construct the conditional two-qubit gate. It is then necessary to scale it up to many qubits to perform the complex QIP tasks. In Ref. [34] , Liu et al. proposed to use a controllable time-dependent electromagnetic field to couple a superconducting qubit with the data bus, where the quantum information can be transferred from one qubit to another.
In this paper, we introduce a two qubits Josephson charge system [32] to disclose the dependence of the thermal QD on temperature T, inter-qubit coupling strength Ji,j that controlled by the external flux Φe and the local fluxes ΦXi,j, as well as εi(VXi) that controlled by the gate voltage VXi. We want to find the proper system parameters that can make QD get its maximum value and which parameters can control QD more efficient.
We will also compare QD with entanglement of formation (EoF) [36] and reveal their differences.
The paper is organized as follows. Sec. II is a review of the definitions of QD and EoF for the bipartite state; Sec. III includes the introduction of the model, and the explicit methods for tuning QD.
Sec. IV is a short summarization.
II. MEASURES OF QUANTUM CORRELATIONS
One of the basic problems in QIP is to find the robustness essence of the quantum correlations in a composite system. With this motivation, we study the tuning of QD in a two qubits Josephson charge system, and compare its behavior with that of the entanglement measure EoF.
QUANTUM COMMUNICATION
QD, as a measure of nonclassical correlation, is defined as the discrepancy between quantum mutual information and the classical aspect of correlation, which can be defined as the maximum information about one subsystem that can be obtained by performing a measurement on the other subsystem.
The quantum mutual information can be obtained 
, where is the identity operator for subsystem b, and
is the probability for obtaining the measurement outcome k on a . The classical correlation can be obtained by maximizing The EoF for a two-qubit state can be derived as 
III. JOSEPHSON CHARGE-QUBIT SYSTEM
We first introduce the proposed Josephson chargequbit system [32] , which consists N Cooperpair boxes that are coupled by a common superconducting inductance (see Fig. 1 ). Each If the superconducting energy gap is large enough, it is effectively inhibit the particle tunnel effect at low temperature, and it just allows Cooper-pair coherent tunnel effect inside the superconducting representation can be reduced to The reduced Hamiltonian of the system is given by
Here the interbit coupling 
The state of the system at thermal equilibrium can be described by the density operator ρ=exp(-H/
k B T)/Z, where tr[exp( )]
B Z H k T = − / is the partition function, with T the temperature, and k B the Boltzmann's constant [39] . We will discuss QD at finite temperature and it is called thermal QD. ( ) ( )
, w h i c h i s o f Ising-like [40] , with the "magnetic field" along the z axis. For simplicity, we take 1
and the Hamiltonian of the system will be (1) (2) (1) (2) 12 ( )( ) 
Equal magnetic flux Φ X1 = Φ X2
A small-size inductance can be made with Josephson junctions. By fixing some system parameters one can see how the other parameters affect variations of the thermal QD and EoF.
In accordance with Ref. [32] , we choose , the junction capacitance C J0 =10 -5 F and use a small gate capacitance C=10 -6 F to reduce the environmental coupling. decrease with the increase of X V . Fig. 3(a) is the dependence of QD on temperature T
Clearly, the QD decreases with the increase of T and this tendency is somewhat similar to that of EoF as shown in Fig. 3(b) . But the Zurek's argument [7] , we know that the absence of entanglement does not means classicality. The noisy environments can destroy the quantumness of a system and degenerate it to a classical one [22] .
QD measures total quantum correlations and it will not vanish even with very high temperature, from this point one can conclude that it is more robust than entanglement [22] . Considering the effect of temperature T, thermal QD is more robust than thermal entanglement. For example, thermal entanglement undergoes sudden death while thermal QD does not. In theory, by taking proper system parameters, one can always find a feasible value of QD to help the experimenter to process the quantum information. We hope our scheme may be experimentally realized in future.
